Abstract. Pseudorapidity distributions of all primary charged particles using UrQMD-3.4-and PYTHIA8-generated events for pp collisions at various Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider (LHC) energies are presented and compared with the existing results of UA5 and ALICE collaborations. With UrQMD and PYTHIA data, rapidity widths of different mesons and baryons of pp collisions at various Super Proton Synchrotron (SPS), RHIC, and LHC energies are estimated and their variations with the rest mass of the studied hadrons are presented. An increase in the width of the rapidity distributions of Λ, similar to heavy ion data, could be seen from SPS to the highest LHC energies when the entire rapidity space is considered. However, at LHC energies, in the rapidity space where B −B = 0, the shape of the rapidity distribution of Λ takes the same Gaussian shape as that ofΛ and the widths of both the distributions become same suggesting pair production as the only possible mode of Λ production.
Introduction
Estimation of the widths of the rapidity distributions of identified charged particles is of quite significance as they believe to carry a number of information about the dynamics of high energy nuclear collisions [1] [2] [3] [4] [5] . A systematic study [3] on the variation of the widths of the rapidity distributions of various identified particles with their rest mass at different beam rapidities suggested that rapidity width follows a universal mass ordering. In that study, observations were carried out on the rapidity widths of π − , K − , φ,Λ, Ξ − , and Ω − . However, when the same mass scaling was attempted to be reproduced with the UrQMD-generated [4] and available experimental data at AGS and low SPS energies [6] [7] [8] [9] [10] [11] [12] [13] taking Λ, and notΛ, into consideration, the universal mass ordering of the rapidity width of the identified particles, as reported in [3] , seems to get violated at Λ resulting separate mass scaling for mesons and baryons [4] . A jump in the rapidity width of Λ could be observed with both UrQMD-generated and available experimental data. Such a jump in the rapidity width of Λ was attributed to the net baryon density distribution effect [4] . Production of Λ (uds) having two leading quarks, and notΛ (ūds) having all produced quarks, is influenced by the net baryon density distribution as a considerable fraction of Λ at these collision energies are due to associate production. Subsequently, when this study was extended to higher SPS, RHIC, and LHC energies, with UrQMD-generated and available experimental results [3, [11] [12] [13] , where the collisions are much more transparent, but B −B is still greater than zero, this jump in the width of the rapidity distribution of Λ is still found to exists and is considered to be a universal feature of heavy ion collision data from the AGS and SPS to RHIC and LHC energies [5] . Thus the width of the rapidity distribution of Λ produced in heavy ion collisions is found to have a non-trivial non-kinematic contribution due to its associate production. In A−A collisions, up to the highest available LHC energies, with UrQMD-generated data, a situation could never been reached with B −B = 0 and thus it could not be ascertained if the rapidity width of Λ is free from net baryon density distribution effect or otherwise if the Λs are produced through pair production only.
It has been reported in [14] by ALICE collaboration thatΛ/Λ ratio becomes unity in pp collisions at 7 TeV at mid rapidity. It may therefore be expected that for such situation B −B would become zero and thus the Λ production mechanism might be free from associate production. In a number of reports [15] [16] [17] [18] [19] [20] [21] [22] [23] it has been claimed that UrQMD is quite successful in describing heavy ion collisions data over a wide range of energies. In a recent report [24] it has also been shown that UrQMD is quite successful in describing the experimental data of pp, Au−Au, and Pb−Pb collisions from 17.3 GeV at the SPS to 1.8 TeV at Fermilab and thus indicates towards the possibility of its applicability at LHC energies for the smaller system like pp collision. On the other hand, PYTHIA has been found to be quite successful in explaining the pp experimental results particularly at higher energies like that of LHC [25, 26] . In this work an attempt has therefore been made, with UrQMD-3.4 and PYTHIA8 (Monash and 4C tuned) generated pp events, to estimate the widths of rapidity distributions of various produced particles including Λ andΛ at different beam energies to examine if the jump in the width of the rapidity distribution of Λ still persists in pp collisions for situations for which B −B = 0.
MC event generators
At the onset, for the present study, events were generated using the latest version of Ultra-relativistic Quantum Molecular Dynamics (UrQMD) Monte-Carlo (MC) event generator for pp collisions at various colliding energies from SPS to the highest LHC energies and events statistics are presented in table 1. UrQMD is a manybody microscopic Monte Carlo event generator based on the covariant propagation of color strings, constituent quarks and diquarks with mesonic and baryonic degrees of freedom [24, [27] [28] [29] [30] . It includes PYTHIA to incorporate the hard perturbative QCD effects [31, 32] . The current version of the UrQMD model also includes the excitation and fragmentation of color strings, formation and decays of hadronic resonances, and rescattering of particles. On the other hand, PYTHIA, a completely standalone event generator, consists of a coherent set of physics models, which describes the evolution of high-energy collisions from a few-body hard-scattering processes to a complex multiparticle final state [33, 34] . The present version of the PYTHIA model contains hard processes, models for initial and final state parton showers with multiparton interaction, string fragmentation, particle decays and beam remnant [34, 35] . The available high precision experimental data, allow detailed model comparisons and motivate the effort on model development and tuning of the existing models towards more precise predictions. One of the dedicated tunings of PYTHIA8 event generator is PYTHIA8 4C, which is used to predict the Run 1 LHC data and the modified parameters are reported in [36] . As reported in [37] , the latest PYTHIA8 version is tuned with Monash with the present available LHC data of Run 2. For the present study, over a wide range of energies, we also generated ∼ 50 million pp inelastic events at each energy using both PYTHIA8 4C and Monash tuning.
Results
In our recent work [5] , it has been shown that UrQMD-3.4-generated (pseudo)rapidity distributions show a good agreement with the experimental results at all the SPS, RHIC, and LHC energies for Au−Au, and Pb−Pb systems. With the present sets of generated data, pseudorapidity distributions of all primary charged particles are compared with the various existing experimental results of pp collisions of UA5 and ALICE collaborations. Pseudorapidity distributions of all primary charged particles using UrQMD-3.4 and PYTHIA8-generated events of pp collisions at √ s = 53 (only UrQMD), 200, 546, and 900 GeV are compared with the results of UA5 collaboration [38] and is shown in the left panel of the figure 1. Though the MC data reproduces well the shape of the experimental pseudorapidity distributions of UA5 collaboration, around mid-rapidity, Table 1 . Event statistics of UrQMD-3.4-generated pp collision data at all the studied energies. the models somewhat under-predict the experimental values at all the studied energies of UA5 collaboration. However, in the right panel of figure 1 , all sets of generated data (UrQMD-3.4, PYTHIA8 4C, and PYTHIA8 Monash) at √ s = 900 GeV show a better agreement with the experimental results of ALICE collaboration [25, 26] . It may be noted here that the cause of observed small difference in the pseudorapidity distributions of UA5 and ALICE collaborations (e.g., at √ s = 900 GeV) is discussed in [25] and is attributed to the facts that− (i) UA5 collaboration used a 1/M x variation of single diffractive cross sections [39] and (ii) inconsistent UA5 internal data as discussed in [40] . It may further be noted that, to the best of our knowledge, while the comparison of PYTHIA8 4C-and PYTHIA8 Monash-generated pseudorapidity distributions of all primary charged particles with experimental data of ALICE collaboration could also be found in [25, 26] , UrQMD-3.4-generated pseudorapidity distributions at LHC energies has been compared for the first time in this report. From figure 1 it is clearly seen that PYTHIA8 Monash tuned pseudorapidity distribution of primary charged particles lies between PYTHIA8 4C and UrQMD-3.4 predicted results. Considering the fact that all the three sets of model-predicted pseudorapidity distributions are in good agreement with the experimental results of appropriate energy, further analysis is carried out with all the three, i.e., UrQMD-3.4, PYTHIA8 4C, and PYTHIA8 Monash model generated data. UrQMD-3.4-and PYTHIA8 (4C and Monash)-generated rapidity distributions of π − , K − ,p, φ, Λ, Ξ − , and Ω − at all the studied energies for pp collisions are parameterized by the following double Gaussian function [4, 13] :
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where the symbols have their usual significance. Using this fitting function, widths of the rapidity distributions of generated data of all the studied hadrons are estimated and listed in tables 2 and 3. The variation of the rapidity widths of various mesons and Table 2 . Widths of the rapidity distributions of all the studied hadrons with UrQMD-3.4-generated events at all the SPS, lower RHIC, and all the LHC energies. At LHC energies, rapidity widths of Λs are estimated using double Gaussian function excluding the extreme two peaks, whereas rapidity widths estimated using triple Gaussian function including all peaks are shown in the parentheses. 4C-generated rapidity distributions, whereas black solid, green solid, and blue dashed lines represent PYTHIA8 Monash-generated rapidity distributions of B −B, Λ, andΛ respectively. Table 3 . Widths of the rapidity distributions of all the studied hadrons with PYTHIA8 Monash-generated inelastic events from 564 GeV to the top LHC energies. At LHC energies, rapidity widths of Λs are estimated using double Gaussian function excluding the extreme two peaks, whereas rapidity widths estimated using triple Gaussian function including all peaks are shown in the parentheses. baryons as a function of their rest mass at all the SPS, lower RHIC, and all the LHC energies are shown in figures 2 and 3 . It could be readily seen from figures 2 and 3 that, as reported in [4, 5] for heavy ion collisions from AGS to LHC energies, a similar jump in the rapidity width of Λ does exist in the case of pp collisions as well from low SPS to the highest LHC energies for both UrQMD-3.4 and PYTHIA8 (4C and Monash tuned) models generated data. Such increase in the width of the rapidity distribution of Λ (uds) and notΛ (ūds) [3] , was attributed to the dependence of Λ production on net baryon density distribution [4, 5] . In pp collisions, as shown in the left panel of figure 4 , the net baryon density is maximum at extreme rapidities even at low SPS energies and minimum but not zero at zerorapidity. For generated data, as the collision energy increases, the minimum value of the net baryon density decreases reaching zero at lower LHC energies ( √ s = 0.9 TeV) (figures 4 and 5). Further, with the increase of the collisions energies, the minimum net baryon density region extends over more rapidity space around mid-rapidity. At SPS and RHIC energies, B −B>0 at all rapidity space and thus the rapidity distribution of Λ follows the net baryon density distribution pattern. At LHC energies, B −B = 0 over a wide rapidity space and the rapidity distributions of both Λ andΛ follow the same Gaussian pattern over the rapidity space for which B −B = 0. Thus in pp collisions at LHC energies, the rapidity distributions of Λ become independent of net baryon density distribution pattern and resemble exactly that ofΛ over the rapidity space for which B −B = 0. In a scenario where net baryon density is zero, the width of rapidity distributions of Λ andΛ become equal or in other words, the rapidity width of Λ should not have any non trivial (non-kinematic) contribution for systems with B −B = 0. 
Summary
In this work UrQM-3.4-and PYTHIA8-generated pseudorapidity distributions of all primary charged particles of pp collisions are compared with the existing experimental results of UA5 and ALICE collaborations which show good agreement for the studied energies. An increase in the rapidity width of Λ could be seen with the generated data of pp collisions at all the SPS energies. When the study is extended to RHIC and LHC energies, as reported in the case of heavy ion collisions [5] , a similar increase in the rapidity width of Λ could be observed for consideration of full rapidity space indicating that the increase in the rapidity width of Λ is a general characteristics of both pp and A−A collisions from SPS to RHIC and LHC energies. For pp collisions at various RHIC and LHC energies, even though B −B = 0 at the mid-rapidity, a small non-zero B −B at higher rapidity regions is responsible for the observed jump in the rapidity width of Λ. A plot of widths of the rapidity distributions of Λ andΛ as a function of rapidity window (figure 6), shows that at the rapidity windows for which B −B = 0, the widths of rapidity distributions of Λ andΛ become same. Such observation suggests that at LHC energies at and around mid-rapidity Λ andΛ are mostly pair produced.
